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embankment  should  have a flat  slope, and  that  the  foot of the sea- 
slope should be  laid below the  surface of the fore-shore, so as to 
present  no  abrupt  obstruction  to  the wave,  which might  cause  it  to 
be  undermined;  and  that  some  medium  should  be  placed between 
the  stone  pitching  and  the body of the  bank,  to  prevent  injury  from 
the wash of the  receding wave. 

No. 766. ‘‘ On Ocean  Steam  Navigation.” By Andrew 
Henderson, Assoc. Inst. C. E. 

IT is remarkable,  that  in  this  great  maritime  nation,  the  science 
of naval  architecture sllould have been so much  neglected;  for 
although  the  rapid  advance of steam  navigation  and  other causes, 
have  induced  greater  consideration  of  the  theory of naval  construc- 
tion, both  for  sailing  ships  and  steam vessels, the most  opposite 
systems  are  still  practically pursued. 

This is demonstrated by the  ships  forming.  the  experimenta1 
squadron,  and  by  the  proportions of ordirrary steam vessels, which 
vary as much as from  four  to  eleven  breadths  to the length,  the 
form of the body assuming all shapes, from  almost a rectangle  with 
vertical sides, to  that of a triangle  with  rounded sides, 

The  public have hitherto  derived  little  advantage, or information, 
from  experiments  made  in  steam  ships  employed  in  ocean  navi- 
gation,  owing  to  the  very  great difficulty  of obtaining  any sys- 
tematic, or correct  accounts  of  the  performances ,of vessels on  long 
voyages, as  well as to  the difficulties of describiug  the  relative size, 
capacity, resistance, and  other properties, of so complex a form  as 
a steam  ship, and to  the want of some more  correct  mode  of 
measurement of the size and power of ships  and engines, than  the 
tonnage  and  the horse-power now  in use, which for all purposes of 
analogy are  quite fallacious. 

In  order to  obviate  these difficulties, and to  obtain a correct 
approximate  estimate of the  relative proportions, size, capacity, 
resistance,  power  and speed of vessels already, or about  to  be prac- 
tically  proved,  it is  proposed to  draw  up a comparative  tabular 
statement,  with  the view of  exhibiting  the  results of present ex- 
perience. 

T h e  inquiries (as far as the  Author  has  carried  them)  are  con- 
fined to vessels intended for an ocean  navigation of 3,000 miles, 
with  capacity  for  armament, or cargo. 

For  this service, it  is evident,  the  desideratum must be, to obtain 
the  greatest  amount of displacement,  with  the form of least resist- 
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ance,  compatible  with  due  stability,  the  general  properties of a good 
sea-boat with  good  steerage,  and a hull of sufficient strength,  with 
the  least  weight  of  materials. 

The  want of  an  accurate  measurement of the  relative resistance, 
has hitherto been an impediment,  but  this  may  be  ascertained  by 
the  dynamometer,  recently  applied  to  the  screw  propeller  of H. M. 
ship '' Rattler ;1' this  indicates  accurately  the  pressure  exerted  by 
the screw, in  the  direct  line  of  the resistance. 

I t  has been ascertained  by  experiments, a t  different  velocities, that 
the pressure, divided  by  the  area of the  midship  section, shows the 
resistance  to  be  about 15 lbs. per  square foot, at a speed of 63 
knots, and 30 lbs. at a speed of 9% knots  an  hour ; further  experi- 
ments  will  tend  to  the  solution of the  problem,  and a comparison 
with  this vessel will be a guide  to  the  relative resistance of others. 

I n  estimating  the  relative  resistance of  different vessels, the area 
of the  midship  section  is  only one, although  the  principal,  element 
in  the calculations. The  form of least  resistance  depends  also  upon 
the  extent of surface  of  the  bottom,  causing  surface  friction,  the 
immersion,  and  the  angles  and  form of the floor and  the  water  lines ; 
and as there  are no  means  of ascertaining  the  amount of resistance 
from each cause, it  must  be  estimated  from  the  relation  these  areas 
and  angles  bear  to  the  area of midship  section, as exhibited  under 
separate heads, in  the  tabular  statement. 

I n  the  form  and  construction of the  engines  and boilers, i t  is 
essential  to  combine  the  greatest effective  power, and  the  least con- 
sumption of fuel,  with  the  smallest  weight of material,  compatible 
with  the  proportionate  strength,  the  due  balance,  and  the easy 
working of the  engines,  the  boilers  being  constructed so as to be 
capable of long-continuous efficiency. 

T h e  circumstances  under which steam  was  first used, as a means 
of propulsion,  induced  the  adoption of forms of vessels suitable for 
river  navigation  and  short voyages, but which did  not  require  any 
considerable  stock  of coals, or weight  of cargo to  be carried. 
Under  such  conditions, increased speed was in most  cases obtained 
by  augmenting  the  power of the steam, and  enlarging  the  area of 
the paddles ; but  in  proportion as the  steam voyages became  longer, 
and  as  the vessels increased  in size, the  weight  of  coals  requiring to 
be carried became a great  impediment.  The best limits of the  pro- 
portion of steam power, to  the  total  displacement, forms an im- 
portant as well as an  interesting  problem,  the  solution of which 
necessarily involves  several  elements  which  are themselves subject 
to  great  variation. 

It is obvious, that a vessel having a Iarge  proportion  of  steam 
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power,  must, at the  commencement  of  any  long voyage, be so 
loaded  with  fuel,  that  the  large power becomes actually  injurious, 
on account of the  great  increase  of  resistance  thus caused. It 
follows, therefore,  that  this  high proportion of power will  be  pre- 
ferable,  only  where  the  nature of the  voyage  may afford such  frequent 
facilities  for  the  renewal of the  fuel,  that a sufficient space  may  still 
be  left for cargo,  without  impairing  the efficiency of the  engine. 
As voyages  of  this  kind  are, however, extremely  rare,  this  case may 
be admitted as an exception,  while  it is considered how the  best 
proportion  of  power  for  distant voyages may  be  arrived at. 

So long  as paddle-wheels are  made  use of, the efficiency of the 
engines  will  in all cases be different, at  the  commencement  and at 
the conclusion of  the  voyage;  and as there  will  be  an  increase 
in efficiency during  the first two-thirds of the  voyage,  and a decrease 
during  the  latter  third,  if  the  length of a voyage be assumed to be 
3,000 miles, and  the  primary  velocity  to  be 7 knots, afterwards 
increased  to 10 knots, and  again  diminished  to 8 knots,  then  the 
time consumed would be 3bU hours; whereas, if  the vessel had 
been  capable of a uniform velocity  of 10 knots, the  distance  might 
have  been  run,  under  the most favourable circumstances, in 300 
hours;  one-sixth of the  time  being  thus lost, from  the inefficiency 
of  operation  of  the  machinery. 

This ob*jection is not  to so great  an  extent  attendant  on  the 
use  of  the screw, since  the  ratio of  velocity  will be  constantly 
increasing  during  the  progress  of  the voyage, as the vessel becomes 
lighter ; it is therefore necessary first  to  ascertain, how a sufficient 
initial  velocity  can  be  obtained,  and  then  the  construction  may  be 
modified, according  to  the  qualities  of velocity, by means of the 
sails which the vessel may possess. 

It will  be  evident,  that  for voyages  in which  unfavourable winds 
are  to  be contended  with, a form suited chiefly to  the  impulse  of  the 
screw  must  be  preferred ; while, if the  usual  average  of  half  be 
taken, a union  of  sailing  and  steaming powers must  be  sought  after. 
But,  in cases where a large  proportion  of  favourable winds may  be 
reckoned  upon,  it is obvious, that  the  form  best  adapted  for  fast 
sailing,  under  the  impulse of  canvas, is to  be  preferred, while the 
proportion  of  the power in  the  engine  may  be beneficially  lessened, 
because  the excess  of stowage  required  for  fuel would be a constant 
evil,  while  the  advantage  of a larger  power would be  only  occa- 
sional. 

As the  ratio of horse-power to  tonnage,  in  the most  successful 
sea-going vessels, such as the “ Acadia,”  and  the ‘ 6  Great  Western,” 
may be  averaged  at  about 1 horse-power to 3 tons  burden,  it  will 
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be manifest from  the  foregoing considerations, that a proportion  of 
1 horse-power to 43 tons, would  be  ample  for  that occasional  use 
which a screw vessel built  for fast sailing  would  require ; and 
with  that power, she  would  be  able  to  accomplish a distance  of 
4,500 miles. 

Assuming  therefore  this  proportion,  it would be  requisite,  that 
the  weight  of  the  engines  and  fuel,  together  with  the  displacement 
caused by  the  cargo,  should not, even at   the  outset,  depress  the vessel 
beyond her  proper  lines  for velocity. 

As the  quantity  of  cargo  may  be  considered  constant,  and  although 
filled up by  fuel,  if deficient, yet  never  to  be exceeded, this  amount 
being assumed and  added  to  the  weight  of engines, fuel,  and  hull, 
with  the  necessary stores, it  will then  be  required  to  arrange  the 
weights  under  such conditions, as  to  forms  and dimensions, as may 
ensure  the  average  velocity  required  under sail, and  give a maximum 
effect of the screw, not less, and  if possible  more, than  this velocity. 

As the  experiments,  which  have  already been made, in order to 
test  the  power  of  the  screw,  are sufficient to  prevent  great  error, 
as to  the possible effect of a certain power so applied,  it is pro- 
bable,  that  the  results  obtained  from those screw-vessels, which  are 
now  building,  will afford sufficient variety to indicate  the best pro- 
portions,  under  which  the  conditions  required  in  the  foregoing ob- 
servations  may  be most  efficiently obtained, so that a farther dimi- 
nution  of  the  ratio  of power to  tonnage  may  then  be found practi- 
cable. The question  of  the best mechanical means  of  propulsion, 
can  only  be solved by the  results of experiments  made  with different 
forms of  propellers, whether paddles, fans, or screws. 

T h e  adoption  of a n  immersed  screw-propeller, will obviate  many 
of  the difficulties in  obtaining  great  average speed on  long passages, 
inasmuch as the  screw  acts with equal effect at  any immersion, in  a 
heavy sea, or  under canvas, while its use dispenses with  the  top 
hamper of the  paddle  beams  and boxes, reduces  the  weight  of ma- 
chinery,  and at   the  same  time increases the  stability,  by  lowering 
the  weight of the  shaft,  as  much below the  water-line as it  was 
originally  placed  above it, with  the  additional  advantage  of  leaving 
the  side  clear  for  working a broadside of guns, while the  machinery 
is below the  water-line  out of the  range of shot. 

These manifest advantages  have  led  to  the  experiments of its ap- 
plication as an auxiliary  to sails, in various  forms  and  with different 
amounts of power. T h e  result  of a comparison of  those  which had 
proved their  capabilities  in 1844, with  the  performances  of  eight  of 
the finest paddle  steamers,  from 1850 to 1140 tons, demonstrates 
that  screw vessels of only two-fifths the tonnage, with 7 per cent. 
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less  power  (in  proportion to tonnage),  have  averaged 11 per  cent. 
greater speed ; or that  eight  screw vessels have  averaged nineLknots 
an  hour, while eight  paddle vessels have  only  averaged  eight knots, 
with  the  greater  power of one horse to 3; tons. The  advance  that 
has  since  been  made, has been  exhibited by the  trials between H.M. 
ships “ Rattler,” ‘‘ Alecto,”  and ‘‘ Stronlboli,”  and  other ships, but 
above  all,  by  the  results of the  Rattler’s ” cruise  with  the experi- 
mental  squadron,  in which she proved her  superiority,  by  keeping 
her  station, while all  the  paddle  steamers  ‘parted company. The  
great difficulty of  obtaining  correct  information as to  the displace- 
ment,  the  weight of the  hull,  the  elements of resistance, or the  real 
working power  of the engines, and  even  the  actual speed attained, 
precludes  the hope  of individual  exertion  obtaining sufficiently 
correct data for  practical purposes, and on that  account,  the  trans- 
mitting of the  particulars of construction, &C., of  steam vessels, for 
tabular  enregistering  at  the  Institution, is  insisted on. It is  not 
pretended  that  tabular  formule  can  correctly  delineate  the  pecu- 
liarities of  each vessel; but, the  want of such forms is so great, 
that  the  author  ventures  to offer it for the consideration of  the  In- 
stitution,  in  the hope that  it  will  lead  to discussion, and  induce 
inquiry  into  the  subject of  those more  competent  to  the  task  than a 
mere  practical seaman can hope to be. 

Amongst  the  paddle steamers, the “ Great  Western ” has attained 
the greatest  average speed, and as she  does  not possess the  greatest 
power,  in  proportion  to  her  displacement, has great  capacity  for 
weigkft, and is a good sea-boat,  it  may  be assumed that  her  form 
approximates  nearer  than  any  other  to  that of least resistance. 

The  want of information  prevents  any  analysis of the  screw vessels 
being made, though  the means  of a ready comparison of vessels is 
very useful, and all the  information  may  be  given  by  practical 
builders,  without  divulging  the  character  of  the linea, or the model, 
or the  peculiar  properties  which  each  constructor  may consider  his 
vessels to possess. 

Guided by the  experience  and  observation  derived  from a con- 
nexion  with  the  building  and  sailing of ocean steam-vessels for 
upwards  of  eighteen years, the  author has designed four ships, the 
particulars of which are deposited in  the  archives  of  the  Institution. 
One of them  is a screw vessel of 600 tons, designed  for  opening a 
communication  by  steam  with  the  Cape,  Mauritius,  and  Australia, 
and  calculated to steam 4,500 miles  with 300 tons weight of cargo, 
at  an  average speed of 74 knots, or 180 miles d a y ,  with  engines 
of 133 horse-power, being 1 horse-power to 44 tons measurement, 
or 8 tons of load  displacement to 1 horse-power. 
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T h e  results  generally obtained are very  encouraging,  but the ex- 
periments would be  more  satisfactory,  if  there existed  records of 
what had  previously  been achieved. If, therefore, every  builder  and 
engineer would deposit  in  the  archives of the  Institution  the infor- 
mation  required as data,  and  which  has  been  here  pointed  out, a 
very  valuable  amount of information would be  speedily collected, 
and  this would tend,  perhaps  more  than  any  other means, to the 
advancement of steam navigation, upon  which  the  welfare  and 
prosperity of Great  Britain so manifestly depend. 

Mr. FAREY concurred  with  Captain  Henderson, as to the difficulty 
of obtaining  exact  infornlation  on  the  proportions of existing steam- 
vessels, and  the  great  importance of such  information, as a guide  to 
future improvements. The  particulars  that  were  required  to  be 
known were  numerous,  and  several of them  were  subject  to  great 
variations, which  must  be taken into account. 

I t  would almost  appear tedious, to  state all the  particulars of an 
ocean  steamer, which were necessary as data for the precise compu- 
tations of the proportions. The  denomination of vessels by  tonnage, 
and  of  engines  by horse-power, being (as remarked  in  the  paper) 
quite Fallacious, could  not  be  admitted  amongst  such  data. 

The  old measurement, or builders’  tonnage, involving  only  length, 
breadth,  and  depth,  could  only  be  true, on the  assumption  that all 
vessels were  of some  one  form,  and  only differed in  magnitude; 
also, that  every vessel was immersed to  some load  water-line, 
at one  portion  of  her  depth.  According to such assumptions, 
one shipwright’s drawing of that  one  form,  with different scales, 
ought  to  serve  for  building all vessels whatsoever, which  were  to 
be  rated  by builder’s tonnage;  and when on service, each vessel 
ought  to  be  always immersed to her load  water-line. 

I n  like  manner, horse-power in  steam-engines could only  be  true, 
on  the assumption, that  the effective  pressure  of the  steam on the 
piston was identical  in  all engines, and  at  all times,  in the same 
engine,  and also that  the  piston  always moved through some certain 
space  in a minute, which was prescribed as the  proper  working speed 
for each  engine. 

I f  the real displacement  (which was, in fact, the  weight of the 
vessel, and  all  that  it  contained) was made a principal  term of the 
proportion  to  horse-power,  it  must  be  remembered,  that  the dis- 
placement  of  the  same vessel was variable, according to the loading, 
or to  the  consumption of the  stock of coals. The  horse-power 
actually  exerted  by  the  same engines, also, varied  to a great  ex- 
tent,  under  the different circumstances of a voyage, according as 
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